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TO: Do v. Terrell 
Director of Research 
January 31, 195'1 
File No: c, 2, 4. 
D,l,7, 
You will recall the project in Eontgomery County where a lean concrete 
base for a bituminous surface was placed last summer and, also, th
e labora-
tory work dealing with lean concrete mixes, wl1:i.ch we inj_tiated at your 
suggestion, These were carried out simultaneously late last summ
er and in 
the fall, and the results to date are contained in the attached re
port, 
It is too early to judge the field project except to the extent that 
in most cases the strengths of specimens made in the field were so
mewhat 
lower than anticipated, .However, cs we have indicated before rela
tively 
low strengths e.re theoretically desirable because of the favorable
 shrinkage 
characteristics thnt go e.long with them. Viewed from the standpoi
nt of 
thiclmess, the pavement now has <',minimum depth of ll inches wher
e the lean 
concrete base was used, as opposed to 9 inches where the old con
crete was 
surfaced. 
There is some interest in the fact that the Wisconsin Highway De
part-
ment tried some lean concrete base this past year, althourch in the
ir case 
8 inches of the lean mix wr.s placed over an old concrete pavGlllent 
that had 
been fragmented, and this WRS covered with 3t inches of bituminous concrete, 
That lean base contained no reinforcement, no joints except a longitudinal 
dummy cut at the close of the finishing operation, Mr. Collier m
enhons 
th~s· work on page 3 of his report, nnd gives a reference so that t
hose who 
are. interested may find a more detailed account of the features in
 this 
Wisconsin pavement, 
I am sure that we will look forward with interest to the reports o
f 
performance on our Montgomery County project as time goes on~ 
LEG:DDC 
cc: Research Committee Members 
Mr, Galbreath (3) 
Respectfully submitted, 
';(. E 91 . --"'--
1. E, Gr~g<l J ~ 
Assistant Director of Research 
Commom,rea1 th of Kentucky 
Department of High1orays 
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by 
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High11ay l-fateria1s Research Laboratory 
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INTRODUCTION 
Cement concrete bases for pavements with bituminous 
surfaces are, of course, not ne1o~, HoNever, it has been many 
years since concrete has served this purpose except as a pave-
ment itself ultimately resurfaced after years of service. The 
outstanding qualities of many roads ,,,hich developed in this 
,,ay •o~ere obvious ~>~i thout any particular tests, and for many 
years there apparently ,,ras no· attempt to evaluate them. l?roba-
bly structural value to~as first investigated in tests on 
airfields in Florida, Ohio and California. Although the origi-
nal concrete pavements in all cases ''rere heavy in comparison 
'''i th high•,ray sections, the results of the tests have some 
bearing on high•~ay considerations. In 11 beefing up 11 rigid 
pavements that had failed under.heavy loads and running subse~ 
quent tests under moving lvheels, the Army EngineP.rs~f came to 
the conclusion that 11 --treatments of as little as 3 inches of 
asphaltic concrete give astounding structural benefits. 
Accelerated traffic tes·cs have sho1m overlays of less rigid 
material to be so beneficial that original designs utilizing a 
rigid slab of moderate thickness covered 1o~i th a flexible type 
surface can and probably •·rill be in cost competition ''rhere 
conditions are favorable 11 , 
This information on structural qualities, the generally 
good appearance and service features of resurfaced concrete 
high1~Tay pavements, and the generally poor riding qualities of 
flexible pavemF>nt s •·ri th ,,rater-bound macadam bases built during 
55 
* 11 Design ~f Rigid Pavements For Heavy lrJheel Loads 11 , by R,R. 
Phillippe, Head, Ohio River Division Laboratories, .u.s. CC~rps of 
Engineers.... Civil Engineering, V, 18 1 n. 2, p. 32, February, 1948. 
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the past fer,r yea.rs created interest on the part of the Research 
Laboratory in the advantage that might be gained through con-
crete bases •·rith bituminous surfaces. Several features that 
are relatively expensive in the construction of concrete pave-
ments (such as elaborate finishing of the surfa.ce) could easily 
be.modified or eliminated, and the most prominent of these 
r,rhich gained early attention r.ras the cement content, According;_ 
ly ~ a research project for studying lean concrete mixes r.,ras 
undertal{en. 
ThR use of concrete mixes r;i th lor•r cement content in the 
construction of portland cement concrete bases for bituminous 
surfaces has been recommended by the Asphalt Institute. Presurna;_ 
bly these recommendations •·rere substantiated by data collected 
from observa~ions of a nt<mber of projects •-rith this type of 
construction, r·rhose records evidenced ccoc.:eessful performances, 
A desirable property of lean conuret8, concomitant r•ri th 
the factor of economy, is its lor11 coefficient of expansion --
a fPature preferred over tl;l.e richer mixes, provided adequate 
strength is obtained. Cracks may sometimes occur at a greater 
frequency, but the movement is of much less magnitude and hence, 
there is greater possibility such movement uill not be reflected 
in the covering surfabe. This property should theoretically 
reduce tendencies t Orvard faulting and buckling, 
The design proportions ususally employed ro~ere expressed 
as 1!.3:6 mixes (loose vmlumes) or leaner. This proportioning, 
converted to solid volumes, is approximately equal to four sacks 
r;g 
,_,/i\UI' 
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of cement per cubic yard of concrete ~ith the ratio of fine 
aggregate to total aggregate being 36 to 37 per cent by Height, 
In addition to the usual method of concrete placement, 
it has been reported that concrete bases have been successfully 
constructed by spreading stiff concrete mixes loosely in place 
and compacting them by rolling under the usual type of ttw or 
three.:..,,,heeled roller. 
During the past year the Visconsin High,,ray Department* 
employed both methods in pavement reconstruction. In the first 
case the badly damaged existing pavement ,,,as fragmented and 
rolled, then covered with a 4.:..sack concrete base and 35Q pounds 
per square yard of asphaltic concrete surface (in tNo courses). 
In th<> second. case tvhere the existing concrete pavement Has in 
better than average condition, it t-ras covered ,_,ith an 8-inch 
slab of pug mill ( 2. 4 sack) concrete" ThG concrete tvas placed 
tvith an asphalt paver and compacted ''lith steel and pneumatic 
rollers and "immediately covered with t~o courses of asphaltic 
concrete". 
The Kentucky Department of HighHays, during the summer 
of 1950, ~lso used a lean concrete mix for base construction 
and tvidening prior to surfacing Nith asphaltic concrete. This 
report is a presentation of data collected from this project 
anCI from a laboratory investigation of lean concrete conducted 
by the Research Laboratory. 
-~''"Repaving For Very Severe Con?-i tions n, a report on a lean 
concrete slab and heavy bituminous blanket nlaced over an old 
concrete pavement in 'lis cons in, ivhere pavement service conditions 
are called severest in the state,_ Roacl.s and Streets, v, 93, n, 11 
p. 33, November, 1950. __ ::1? 
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FIELD PROJECT 
The field porti~n of this study consisted of the mal~ing 
anCl. ~eating of samples, recording of cracks i~ the lean concrete 
base, the observation of construction methods, and the evalua-
tion of performance under traffic during the brief period Hhich 
has elapsed since construction, This project ~as a 4.415 mile 
section of US. 60 in Montgomery County on the 'Jinchester-JIIt, 
Sterlin~ Road, and 1vas designated as SP 87-117. Contractor for 
the job, \vhich covered both the concrete base and bituminous 
surfacing, r.ras A, '.i. 'Talker and Son, 
The existing eighteen foot concrete pavement, built in 
1924, was for the most part utilized as a base for the new 
bituminous surface. Some revisions in alignment and grade, were 
included as a means of eliminating the ~Vorst driving conditions 
along the road, Normally, the widening comprised hro feet of 
additional r.ridth of ner•r base on each side of the old slab, Gr,uci 
·increasing the pavement to t1venty-tr"o feet. The revisions in 
alignment on four curves Nere accomplished by laying extra 
width of base on the inside of the curve only. ~hese extra 
T·,idths at points of maximum t·ridening varied from 4.5 feet to 
15.5 feet, Four major revision~ :... three alignment and. one grade-
involved ne1v g:.·ace construction, thus, necessitating the replace~ 
ment of sectio~s of the old pavement 1vith neN full.:..r,ridth base 
. and, of course, bituminous surface, 
\veakened plane contraction joints \\!ere placed coincident 
Nith the joints in the existing slab (at intervals of JO feet) 
58 
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Fig. l. Mt. Sterling-Winchester Rond, U.s. 60, in 
Montgomery County, The two-foot widening in
 the fore-
ground was placed on the North side of the o
ld pavement, 
and contained no contraction joints. On the South side, 
contraction joints were placed coincident with joints 
in the existing slab at intervals of 30 feet
, The old 
pavement was built in 1924, and had a 6-8-6-
inch,section, 
I ,i 
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in the Nidened edges on the sout:1 side, and at the same interval 
in the full l•ridth slab betr.reen Stations 190 +00 and 196 + 00, 
Joints 1 except for construction joints, '•Jere eliminated entirely 
on the r.ddened edges on the north side and in the three remainint 
full ~-ridth sections. Expansion joints '•rere not included in 
this project. 
The thickness of the l•Jidened slab 111as six inches and th~ . 
of the full ,,ridth sections '•ras 6-8-6 inches, conforming Ni th 
the cross-section of the existing pavement. Stone insulation 
about z.:.inches in depth ,,ras placed beneath the ne'•r concrete on 
both the •·ridening strips and the revisions. 
The concrete Nas delivered by transit mixers from the 
batching plant at Mt, Sterling, The surface '·ras strucl' off by 
a hand drat•m vibrating screed and finished by hand float, 
The concrete mix used in the base con~truction 1.-ras 
designed Ni th the follor .. Jing requirements: 
Cement Factor - 3.5 sacks per cubic yard of concrete 
Haximum Free 'Tater- 9.75 gallons per sack of cement 
Ratio of Fine Aggregate - 34 to 38 percent of total 
aggregate by ''Ieight 
Entrained Air - 3 to 6 percent 
The material used 1orere air-entraining Portland cement, Ohio 
River sand and Size No. 36 crushed limestone, 
The maximum free '•rater of 9. 75 gallons per sack l•ras esti.:. 
mated. Since approximately the same quantity of '•later per cubic 
yard of concrete is needed to maintain a given consistency, 
irrespective of the cement content, the total mixing r-rater of 
9,75 gallons of "'ater per sack for 3.5 sack concrete is equiva-
lent to 5. 7 5 gallons per sack for 6-sack concrete, or 34 gallons 
GO 
I 
Fig, 2. Placing the lean concrete mix in the widening 
strip, Note the wooden forms, and the 2-inch stone in-
sulation cou:rse beneath the pavement grade. Concrete 
for both the widening strips and the revisions was de-
livered by transit mixers from Mt. Sterling, A hand-
drawn vibrating screed was used to strike off the sur-
face in the widening strips. 
:'""1- A 
\~:JJ_ 
Fig, 3. Full-width revlslons were placed in single 
lanes, This view shows one finished lane in the re-
vision between Sta, l48f50 and Sta. l55f07. In the 
middle distance membrru1e curing compound is being 
placed on concrete that was finished a short time 
before, A vibrating screed operating lane-width 
across forms was used for striking off the concrete, 
after which the surface was finished by hand, At 
this particular location, and generally throughout 
the job on both revisions and widening strips, the 
hand finishing was carried much farther than neces-
sary on a surface to be covered with a bituminous 
mL'C .. 
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per cubic yard of concrete, Field reports indicated that average 
mixing r,rater r,ras approximately 8,5 gallons per sB.ck - an underrun 
of some 30 pounds, 
Construction of the concrete base r.,ras carried on bet1,veen 
the dates of July 18 and September 10, 1950, Bituminous surfac~ 
ing r.ras started in October and completed before the end of the 
construction season. 
LABORATORY PROJECT 
The investigation conducted in the Research Laboratory MJP 
expanded to a study of fifteen mix designs for air-entrained 
concrete r,,,i th variables in cement content, and type and size 
of coarse aggregates. Th8 purpose l·ras to arrive at a comparative 
evaluation of these several mix designs ~ith respect to their 
cement contents and aggregate combination as affecting strength, 
r,wrkabili ty and other uharacteristics, lUxes rvere designed for 
three cement factors of 3.5, 4,0 and 6"0 sacl<.:s of cement per 
cubic yard ''rith each of the five coarse agr;regates. The coarse 
aggr8gates rvere river gravel(sizes No.6 and No. 36), cmr; 
crush~d limestone, (sizes No, 6, No; 36, apd a combination of 
No, 2, No. 3 and No. 6), For convenience, the latter r·Jill be 
identified throughout the report as No~ 236. 
The design method proposed by the National Crushed Stone 
Association r,ras follotved to arrive at the mix proportions, 
employing the b/bo factor as defined by the densities of the 
compacted aggregates. This method is essentially the same as 
that employed by the Highroray Department except that it offQrs a 
G3 
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more srecific indication of the fine aggregate requirement as 
related to the void space in the compacted coarse aggregate. 
The various percentage ratios '·rere as follor,rs: 
Coarse Aggregate 
No. 6 River Gravel 
No. 36 River Gravel 
No. 6 Crushed Limestone 
No. 36 Crushed Limestone 
No,236 Crushed Limestone 
Ra'tio of Fine Aggregate 
by '.It, of Total Aggregate 
J5 percent 
30 percent 
38 percent 
34 percent 
29 percent 
These percentages rvere satisfactory according to observa-
tions made in the laboratory, but are probably some•rhat lmver 
than would normally be preferred in the field. 
Inasmuch as an inJ2ease in the spread of the nominal sizes 
of a given aggregate (with proper distribution) results in a 
greater density (or lesser void space and surface area) then 
the quantity of fine aggregate needed should be decreased, :Ji th 
a reduction of fine aggregate the total surface area per unit 
volume is further reduced. ~ith these conditions prevailing it 
seems reasonable to assume that concrete of higher strength 
should be the result - particularly for mixes r . rith lmv cement 
content. Thus, concrete with the extremely coarse aggregate 
(No. 236) '·ras included in this study for the purpose of investi-
r;ating the feasibility of its use in slab construction. 
A single brand of plain portland cement, Type I, ,,,as usecl. 
for the entire le.boratory project, Air tvas entrained by the 
addition ofneutralized vinsol resin to the mixing rvater. 
Fig. 4. Three sizes of crushed limestone coarse aggre-
gates used in the laboratory tests. l!rolli Je ft to right 
are No. 6, No, 3, and the 2-to 2;!;-inch stone which is 
an extraction tram No. 2. In combination· these made 
the No. 236 aggregate which was investigated for possi-
bilities of increasing strength at the lower cement 
factor and still retain the advantages oi' reduced shrinl<-
age characteristics,. 
~ .... ~ 
'i,~b 1-~$ 
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The physical properties of fine ancl coarse aggregate~
 are 
giv~n in Table~. The fine aggr~gate was a pit sand fro
m Cleves, 
Ohio; the coarse aggregates tt~ere tNo types: Ohio Rive
r gravel 
from Louisville, and crushed limestone from Lexington·.
 
The coarse aggregates were reprocessed at the laborato
ry 
to stand~rd sizes closely approximating the median gra
dation for 
sizes No, 6 and No, 3 for both the gravel and the lime
stone, as 
Nell as a stock of one-sized crushed stone betrveen the
 2~-inch 
and 2.:..inch sieve sizes, All sizes ,,rere stored separat
ely and 
introduced to the mixes separately, but in proportions
 to conforrr 
to the computeCI. aggregate grr.dations given in Table !. 
All 
aggregates were stored under moist conditions. 
Each mix required three batches of 1.9 cubic-feet to 
yield the quantity of concrete needed for molded test 
specimens 
and plastic concrete tests, Tests specimens made from
 each 
batch consisted of the follor,ring: one each 6 x 12-i·nc
h and 
8 x 16-inch cylinders; and 5 x 6 x 20-inch and 6 x 6 x 22-inch 
beams (except for the series containing the No, 236 size aggre-
gate). For the latter series the 6 x 12-inch cylinders rvere 
elimiflated and tc1e 5 x 6-inch beams tv'Ore replaced by 6 x 6-inch
 
beams. 
Tests f9r slump, aic~ content, and unit Heights t•rere ma
de 
for each batch • 
.Although the 8 x 16-inch cylinders 'vere required only 
for ~he concrete containing aggregate exceeding trw-in
ches in 
size, they were cast for all series for the purpose o
f strength 
comparisons betr,reen the large a.nd small cylinders. As
 tvill be 
66 
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TABLE I 
PHYSICAL PROPERTIES OF AGGREGATES 
Coarse Aggregates 
[Tvpe ·----~iver Gravel I Crushed Limestone 
!Standard Size No, 6 (No. 36 [No. 6 INa. 36 No. 236 
Identification I A I B I c I D E 
. i i 
Gradation 
-Sieve Sizes 
_L 
_:t"'P.rc;:.en:t Par~ng 2~ inches i - I - I - 100 
I
. 2 inches I 100 ,100 85 
lt inch ~ 83 100 I 77 72 
J inch 100 55 99 ! 50 55 
J/4inch I 70 35 75 ! 37 41 J/2 inch I 40 20 35 I 18 19 YB inch I 20 10 16 j 8 , 9 
No • 4 0 0 0 : 0 I 0 I Compacted Unit 1-Jt, ~~---+~-----T----:-~----+-------1 
ounds Per .cu~ Et-'i+lO~_.,j-.:;_lQ_2,4 . ~,')"•lQL_Q_f-----l_QJ_,o I 
u1k Sp, Gr, _,o,D 1 G,66 2 .. 66 1 L-7~ 2,73, 2,7Jl ~Ulk Sp. Gr .. DoD, 1 2.6z. 2,62[ 2 69 2 .. ?0i 2"70 [ E· __ A bs_or_p_!i_o_n_~ _ _j __ _J.:_'_9 ; ____ 1_. 9~1. 1 1 1 0, 8 _l 0. 8 ' 
Fine Aggregate (Concrete Sand) 
I Bu:Lk 3p, Gr, S, S . D, -
Bc.lk •:P, Gr· O,D, 
Percent Absorption -
Fineness Hodulus 
2. 671 
2, 621 
1.9 I 
3.11 
6'7. 
) 
Fig, S. T~o sizes of specimens were made for laboratory 
tests iYJ. order to accommodate the aggrega
tes greater than 
2 inches in size. On the left is 6 x 12-i
nch cylinder 
commonly used with the aggregates smaller
 than 1t inch 
in size, and in the testing machine ready
 for test is an 
8 x 16-inch cylinder, Comparable beam sa,~,ples 
were S x 
6 x 20-inches and 6 x 6 x 22 inches in siz
e, The small 
beams and cylinders were eliminated ~when 
the ag,c;:regate 
exceeded 1~-inches top size, 
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noted under the discussion of results there •·!fl.s an appreciable 
difference in the respective values, 
All specimens 1•rere moist cured until the date of test, 
Three beams from each series r,rere selected for seven-day tests 
t·•hile the remaining specimens Here tested at tr·renty-eight days. 
RE.SULTS A.I•!D OBSERVATIONS 
Field Specimens. 
The tests for the field specimens resulted in some•-rhat 
lo•·-•er strength than •vas anticipated, This is partict!larly true 
for specimens tested in compression. The test results are 
compiled in Tables II, IV, V, and VI, and in Figures 7, B, and 
9; (all except Table II being placed in the back of the report), 
The values selected as expected strengths of 28--day 
concrete, 2200 pounds per square inch in compression and 475 
pounds per square inc.h in flexure, were based on ac1varice labora-
tory test results 1•rith allo•vances made for field conditions, 
By comparison of laboratory specimens from the same concrete, 
the average strengths of the 7-day beams l.vere in general from 
80 to 85 percent of those of the 28-day beams, Thus concrete, 
having beam strengths of 475 pounds per square inch at 28 days, 
should have strengths approaching 400 pounds per square inch 
.at 7 days. The strengths of a'.l field beams reported, are 
plotted in order of their magnitude, in Fig, 7. It is noted 
that 64.3 percent of the beams tested at 7 days are above 400 
pounds per square inch, and 64,5 percent of those tested at 
28 days e.ree above 475 pounds per square inch. The average 
69 
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strength are 438 Hncl 506 pounds per square inch respectively for 
the 7-day and 28-o.ay specimens ;.. a ratio or 86 to 100, 
The test results of the field cylinders reported are 
given in Ts.ble V and Fig,. 8. Only 22 percent obtained the 
specified strength of 2200 pound. per square inch, Brol~:en do,,m 
in groups rvith re~pect to strength in pounds per square inch,-
28 percent were between 1200 and 1500; 3·4, 5 percent t,rere bet1,veen 
1500 and 2000; a'1d 15,5 pereent were bet1veen 2000 and 2200. 
These results are more i.nconsistent and more t.videspread than 
normally T·rould be e:l(pected, and T·rere less favorable than ,,,ere 
those for the beams. 
Samples ''ere made by representatives of the Research 
Laboratory fer strength cojllparisons as influenced by curing 
conditions. (See Table II) A total of ni.ne beams and nine 
TABLE II 
Stren<,r~hs of Field Specimens 
Subjected io Various Curing Conditions 
:curing Hoist Damp* ' Average By i I /Hedium I Room I 8o1_1 Air Batch J 
,Batch No.I Moduli of Rupture of Beams - P,S,I. I 
Ii·95 l 435 435 455 
~ 
1 I I 
2 570 630 I 555 585 
l 
I I 
3 420 450 ' .ll-_.2 J.2.5 
I 
I ' 
!Average 495 505 ! 435 I ' 
Ll 
Comr2ressive Cyls. 
I 
Strength of P. s.r. i 
2115 I 1970 1890 I 1990 ! I 
2 2325 I 2130 2050 2170 ! 
I 3 1_!0.0 Utt .l.aQ 1405 ~verage i9b'5 174~ I 
__.l 
*Membrane treated face exposed to air, 
'70 
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cylinders ,,rere made three for ee.ch type of curing from each of 
three separate batches. All were cured 28 days, the first 
group in the moist room at 70"F, the second in damp soil !vi th 
the membrane treated surface exposed, and the third group exposed 
to natural atmospheric conditions for the entire 28 days. No 
special significance can be attached to the strength differ~ 
entials as influenced by curing conditions, although the 
stre~gths of sp~cimens cured in the moist room and in damp soil 
,,rere, as n rule, higP,er than those cured in air. There is a 
t•rider dispr.ri ty among the batches themselves than among the 
curing conditions. 
The compressive strengths of the cores, I sho1m in Table 
VI and Fig, 9) were slightly more uniform and slightly higher 
on the average than those of the cylinders. Although 37,5 percen1 
tested beloT,r 2200 pounds per square inch, the average value Has 
2213 pounds per square inch. 
Laboratory Specimens. 
Mix data and results of strength tests for laboratory 
specimens are compiled in Tables VII A through VII E. The 
slumps an~ amounts of mixing ,,rater 1orere reasonably uniform for 
all mixes, but there r..rere some appreciable variations in the 
percentages of entrained air. In the series where the variations 
'·Jere relatively 'vide the increases in air content t..rere reflected 
in the compressive strengths of cylinders, but little or no 
influence ,,,as indi.cated in the flexural strengths, 
The strengths of the individual specimens are represented 
in Fig, 10 and 11 in groups as defined by the cement content, 
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aggregate combination, and spec
imen type. For better com.:. 
paris on of the concrete 1-;ri th ag
gregate variables, the aver(lge 
strengths for the several group
s are represented in Figs, 12 
and 1) in groupings related to the
ir cement content and spe-
cimen types~ 
All laboratory beams were broke
n under third-point 
loading as opposed to center lo
ading for the field beams. 
With all conditions, except the
 loading methods, being 
equal, the moduli of rupture of
 t•.vo beams have a definite 
numerical relationship. In the 
case of beams of six inches in 
depth and supported over 18 inche
s of span, the moduli of 
rupture for the one tested unde
r.center loading has a nu-
merical value of 1.25 greater t
bam that for another tested 
under third-point loading; altho
ugh the load required to 
break the latter 1vould be appro
ximately l, 2 greater than ". 
that for the former. These rela
tiensbips are theoretical, 
but they have been substantiate
d empirically through an 
investigation of concrete speci
mens in the laboratory 
several years ago. 
In Fig, 12 the solid line bars 
represent the average 
of the moduli of rupture for bea
ms tested under third-point 
loading~ The dashed-line extens
ions represent the estimated 
results, had they been tested u
nder center loading, This 
conversion permits a better com
parison bet1veen the labora-
tory and the field beams. The a
verage strengths of the 
laboratory beams (those made lvith the 
3,5 sack cement factor 
and No, J6 crushed limestone) exceeded
 that of the field 
----
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by 18 and 25 percent respectivelly for the 7-day and 28-day 
tests. Undoubtedly this r-ras due, largely, to curing conditions. 
Since there l'lere no 6xl2.:..inch cylinders made 'vith con.:.. 
crete containg the No. 236 aggregates, the related values 1vere 
estimated on the basis of the average of strength differen-
tials betw·een. the two sizes of compamion specimens, (see 
Table Ill), a,nd these r.-rere represented in Fig, 13 ·by the 
TABLE III 
Percentages of Average Compressive Strengths of 8 x 16.:.. 
inch Cylinders as Related to Companion 6 x 12-inch Cylinders. 
Cement 6,0 Sacks . 4.0 Sacl's 3.5 j Avg. by 
~~F~a~c~t~o~r ______ FW~e~r~c~u~·~Y~d~.~~~~P~e~r~cuL'-Ld~·~~P~e~r~~~~4. Aggregate 
i f T~e 
'Aggregate Strength Percentages 
No, 6 Gravel 87: 2 81.9 94.6 I 87.9 
No. 36 Gravel ! 86,1 88.9 78.6 
·• 84.5 
i 
! No~ 6 Cr. L. sl. 78.9 94.6 91.1 88.2 
i No. 36 Cr •. L,Si. 88.8 
~------ ------
82.1 i,36. 88,2 
I 85.3 88.6 87.6 87,2 . Ave • by C • F. 
I I 
dashed line bars, The average of the compressive strengths of 
the cyliniers made of 3.5-sack concrete and containing the 
-No, 236 crushed limestone 1vas the lo1vest of all the groups 
made in the laboratory! but, exceeded by 16 percent the average 
for the field cylinders, 
In general, there Has no particular effect indicated on 
the strengths of the concrete as influenced by the type of 
aggregate • No on§l a.ggregate was especially superior or .... 
'73 
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inferior in overall performanoe. The conorete mixes oonts.ining 
the No, 6 orushed limestone ooarse 1',ggregate may have held a 
slight strength advantage for all oonditions as incUcated by the 
results from this particular study, 
. The strength relationships among the several series of 
mixes are plotted ~~i th respeot to their cement oontents in 
Figures 14 and 15. These graphs add emphasis to the inconsis-
tencies resulting among the strengths acquired by the different 
mixes. The variations are somer·.rhat less r.ridespread among the 
3,5-saok mixes than in those of the 4-saok and 6-sack mixes. Also 
in the majority of oases, there is a tendenoy for the 4-sack 
ooncrete to obtain strengths exceeding a 11 straight line
11 rela-
tionship for the three concretes. 
Another development oontre.ry to expeote.tions, rqas the 
relationship between the oompressive strengths of the 6 x 12-
inch and the 8 x 16- inch cylinders. In every case the larger 
cylinders broke at e. lor.ver unit stress than their companion 
cylinders '"i th smaller dimensions. 
This relationship is shorm in Table III for each S8ries 
excepting those containing the No, 236 crushed limestone, The 
values are expressed as the peroentage of the average strength 
attained by the 8 x 16 oylinders as compared to the average 
strengths of the 6 x 12 inch cylinders of the same concrete. 
These percentages are spread over a range of from a minimum 
of 78.6 peroent to a me.ximum of 94.6 peroent, but the avere.ge, 
'•Ti th regard to either oement faotors or aggregate types, do not 
ve.ry greatly. The overall average gives a ratio of 87 for the 
8 x 16 oylinders to 100 for the 6 x 12 oylinders. 
f~l4 ( 
Crack an0. Joint Survey 
A CNlCl{ and joint survey \vas made prior to the beginning 
surfacing operations and this condition is presented in Table VIIJ 
and Fig.l6. Table VIII is a tabulation summariz,ing the fre-
quen<;Jy and location of cracks for the rvidened-edge portion 
only, 
In the widened edges on the left side, in which con-
traction joints r,rere not included, the number of cracks occu:ored 
at frequencies varying at·rates of 1,0 to 10.5 cracks per one 
hundred feet. The average was J,7 cracks per one hundred feet 
for the project. The greatest concentration of cracks formed 
lvas bett~Teen stations 101 + 69 and 102 + J6, where the average 
interval was two to three feet. 
On thee right side, in 1"hich contraction joints TJ'Iere 
included at intervals of JO feet, the total number of cracks 
llfas approximately 40 percent of that for the left side, 
Hor•rever,in several instances, crack frequencies 1,rere as great 
as that for the left side ;_ varying at the rates of from 0,1 
to 9.9 cracks per 100 feet, and greater in some short intervals, 
1vhere extra 111idening, exceeding four feet, TITUS constructed 
for curve revisions, no.cracks at all were found in the sections 
lvi th contract ion joints, In t):le sections that had no contraction 
joints, the average crack interval was timly about one per 100 
feet, and this condition 1vas quite uniform. 
Cr11.cks and joints for the full T.vidth pavement sections 
are drawn in plan in Fig. 16, There were no transverse joints 
other than construction joints in the first three of these full 
to'idth revisions; the fourth had '·Ieal{ened pl.-:.ne joints at JO-foot 
intervals. '75 
-. ,, 
Fig. 6. Finished concrete base on the full-w
idth 
revision between Sta. ll3f77 and Sta. l24fll
, about 
three weeks after placement, At that time o
nly two 
cracks had developed throughout the 1000-foo
t section. 
- 17 ;_ 
Only tTITO cracks 111ere found in the first revision, 
(Sta. 113+77 to Sta, 124+11.4) and they t~Tere in the ttvo end 
sections that were constructed at an early date to facilitate 
reopening the road to traffic. The construc~ion of the base in 
the intermediate portion of this revision (Sta. 115+98 to Sta, 
122+50) t-~-as delayed ar,vai ting the completion of the grade, and 
was not open to traffic at the time of the crack survey, 
The crack conditions in revisions 2 and 3 (Sta.lJ4+~9 
to Sta. 141+83; and Sta. 148+50 to Sta. 155+07) r,vere comparable, 
the former being only slightly better than the latter. The 
crack frequepcie9averaged 1.4 and 1.5 cracks per 100 feet 
respectively. 
In the grade revision (Sta. 189+96 to Sta. 196+56 ), 
lvhere Tveakened plane joints T,rere placed, there t.rere only ttvo 
cracks ;_ one across the full width of the slab,and one only 
half width. 
So far as the full rvid~ch revisions are concerned, the 
majority of the cracks either extended over the full width of 
the slab or adjoined construction joints. They were relatively 
straight, and with few exceptions were normal to the centerline, 
At t,he time of the survey, the crack openings T.vere very slight, 
I 
in some cases barely visible. 
Supplementary inspection of the completed surface !vas 
planned, but '"eather conditions prevented this being done in 
detail up to this time. 
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TABLE IV 
Moduli of Rupture of Field Beams 
-~·-- Age 11\odulus of 
Location Sampled Tested -
Beam 
Station to Station ___ \ L~~e _ No. Days 1------· ---- ··-
' 
__
_ Rupture 
7 Day 1~2T,8""D=-a-y-l• 
P.S,I. I P.S,I, 
-------· -- -- ·-
j ... -- ------
' 
2 2+50 - 15+50' Rt. 
2,8 500 
5 34+50 ~ 56+16 Rt. 7
 490 
' 
' 6 34+50 - 56+10 Rt, 28
 475 
7 56+10 - 76+50 
Rt, 7 488 
8 56+10 - 76+50 Rt, 28
 750 
9 7 6+50 :.. 102+50 R
t. 7 6oo 
10 76+50 - 102+50 Rt, 
28 495 
11 102+50 - 142+40 7 
492 
-
12 126 - 142 ' Rt. 7 
550 
13 142+40 - 177+25 7 
480 
lLl- 142+40 - 177+25 Rt. 
28 517 
15 0+00 - 23+45 Lt. 7 
350 
16 117+25 - 201+45 Rt. 28
 
I 
Lf83 
17 0+00 - 23+45 Lt. 7 
350 
' 18 0+00 - 23+45 L
t. 28 
I 
617 
19 0+00 - 40+50 Lt. 7 
500 
20 23+45 - 40+50 Lt. 2
8 517 
21 45+05 :.. 57+20 Lt. 7 
320 
22 40+50 - 57+20 Lt. 2
8 508 
23 42+85 - 45+05 Lt. 7
 380 
24 42+85 - 89+61 
- Lt,. 28 . 550 
25 111+80 :.. 130+70 Lt, 7 
467 
26 89+50 - 130+70 ,.. Lt. 28 
550 
28 130+70 142+00 155+06 Lt, 28 
134+00 147.+20 180+50 '--
------·-·-
567 
I __ ____~... _____ _ 
-· 
_x;ll=-
TABLE~ (CONTINUED) 
Moduli of Rupture of Field Beams 
Beam 
Loce,tion samplrd __ 
Station to Station Lane 
No, 
29 130+70 - 147+20 
30 196+60 - 217+43 
31 217+43 - 236+36 
33 64+08 - 69+50 
35 148+43 - 155+07 
37 139+25 - 141+79 
38 139+25 :_. 141+79 
39 137+7 5 ;,_ 141+79 
40 137+35 ;,_ 141+79 
41 134+00 - 139+35 
42 148+50 - 155+00 
43 134+00 - 138+54 
44 134+00 - 138+54 
45 190+50 - 194+00 
46 190+50 - 194+00 
47 190+50 ;_ 19~+25 
48 190+50 - 195+25 
49 114+05 - 116+00 
50 114+05 - 116+00 
51 122+50 - 124+50 
53 121+00 ;_ 122+50 
54 121+00 - 122+50 
I i 55 1].6+00 - 122+50 
l 
L_56 ll6+oo - 122 
Averages 
.,.. 
F'IJR = Full l:Jidth Revision 
Lt, -
I Lt. 
Lt, 
Lt. 
F1,ffi Bt. 
Flffi Rt. 
F\7R Rt, 
F1!IR Lt; 
F'ffi Lt, 
F\IR Rt. 
F'JR 
Flffi Lt. 
F1VR Lt, 
F'JR Lt. 
F\ffi. Lt .• 
,,, 
F':IR Rt, 
F1:1R Rt, 
F'.JR 
Flffi 
F'\VR 
F1ffi Rt. 
F'VR Rt. 
F1VR 
F'JR 
Age 
Tested 
Days 
7 
28 
7 
7 
7 
7 
28 
7 
28 
7 
28 
7 
28 
7 
44 
7 
28 
7 
33 
7 
7 
30 
7 
28 
''79 
; 
I 
' i i 
I 
I 
I 
I 
I 
! 
Modulus of 
Runture 
7 Day I 
P;S.I. I 
' 
\ 
453 I l 
366 
350 
400 
365 
. 
333 
471 
457 
430 
455 
550 
444 
408 
I 
445 
28 Day 
P.S,I. 
600 
400 
383 
450 
500 
450 
591 
383 
454 
384 
506 
I 
I 
I 
' I 
l 
TABL:S V 
Compressive Strength of Field Cylinders 
T-
---- ---------···--·-··------r--- · - - Location Sampled 
Cyl -·- · 
No. Station to Station Lane 
1 
2 I 
:I 
6 
7 
8 
9 
10 
11 
12 
13 
1.5 
19 
20 
21 
22 
23 
24 
2.5 
27 
28 
2+.50 :... 1.5+.50 
16+00 :... 34+.50 
34+.50 - .56+10 
.56+10 - 76+.50 
76+.50 - 102+.50 
126 - 142 
142+40 - 177+2.5 
177 +2.5 - 201+4.5 
0+00 - 23+4.5 
23+4.5 - 40+.50 
40+.50 - .57+20 
42+8.5 - 89+.50 
89+.50 - 130+70 
196+.50 - 217+43 
139+2.5 - 141+79 
134+00 - 137+3.5 
148+.50 - 1.5.5+00 
134+00 - 138+.50 
190+.50 194+00 
190+.50 - 193+2.5 
112+6.5 - ll4+0.5 
122+.50 - 121+00 
116+00 - 122+50 
FWR :: Full 'Jidth Revision 
Rt. 
Rt; 
Rt, 
Rt, 
Rt. 
Rt, 
Rt, 
Rt. 
Lt. 
Lt. 
Lt. 
Lt. 
Lt. 
Lt, 
F',JR Rt, 
F'.JR Rt. 
F'JR 
F~JR Lt. 
F':JR Lt. 
FWR Rt. 
FWR 
F'JR Rt, 
FWR 
3.5 
33 
32 
3.5 
34 
33 
32 
31 
28 
34 
33 
32 
42 
40 
3.5 
33 
36 
J.S 
44 
42 
33 
42 
40 
Average 
80 
1200 
1.590 
240.5 
4420 
14.50 
141.5 
194.5 
247.5 
148.5 
134.5 
2097 
240.5 
1.590 
1660 
194.5 
1.59.5 
n§4 
• 
H 
. 
r_(J 
. 
(j) 
H 600 
-=-"--,----
------------
-
-~ 500 l Tested at 7 Days 
;; ----~~~""1--
c>:l 40Q_ ----------.--f'"''''---+'--+'-+-1-+1- r--- -t-t-lf---t-t-+-+-t--+-
-+-----
1-Y-r~-r~fll~ 
0 300 r-
200 
'd 1,0"'0-1-f--f--f--+-+-+-+-+-+++---+---+-+--+-
----+---+ - - -+--+---t--t---t--- -t---t---t---t--
-t----
0 
0 
-____
__ j 
~35.7 Pet.----<!<~..------ 64.3 Pet • • H 
. 
[!) 
. 
p.. 
(j) 
~ 
H 7.:::0-=.0-r------------------------ --- --
--
--
--
--
--
--
--
--
--t-f-
;; 
600 p. 
·Tested at 28_D_'a--"y_s ____________
__
__
__
__
_ ,o=~_,FI-."-f--
,--,--r-:fl"ir-
' 1-[-~ ---;"f--
---1---f--- -- - --
i 
=--+-Fl-t-t-t--t--t--t---t---+---,- ~ f---t--+---t--t-
--1---f----- T - r--f-- - - - 1--- -·-
' i 
' I 
----- ·+++-+-+-+---+---+---+---+-11-- +-+---t-+--++--
+--+-- +-+--1- -
\ 
~~-+-+-t-+-+--+--+--+-+-+-+-t-+-
+-+-t--r-t-t~-~--+-+-~-t-+--r+--
t-+-
\ 
\ I 
-----
---\'--, - ----------~ 
__
_ 35.5 Pet, l 64.5 Pc't, 
I . 
Sampled and Tested by the Research Labor
atory 
Fig, 7 - Moduli of Rupture of 7-Day a
)!ld 2c-nay 
Concrete Field Beams. 
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78 Pet. 
* Sampled by Research Laboratory 
Fig.;::'¥' - Comvressive- strengths of Concret
e Field Cylinders 
Table VI - CompressiV'e Strenths of Cores 
Core Height Age Strength 
No. Station Location Inches Days p,s.I. 
1 1 .;. 00 Right 7 64 1763 
2 2 .;. 50 11 7-1/4 64 1903 
3 3 .;. 04 11 6-1/4 63 218
6 
4 4 f 00 11 7-1/4 63 1438 
5 5 f 50 11 6-3/4 63 2256 
6 16 f 10 11· 7 61 2520 
7 20 .;. 00 11 7-1/2 61 
2609 
8 20 f 60 11 7 61 3032 
Average 2213 
Percentage of cores that tested under 2200 P.s.r, ~ 37.5 
3000 ----··---··--·---··--···--···- ·····---
\ 
,_:2000 
(f.) 
• 
f.l< 
I 
:Si b.D1000 
<1 
Q) 
,.., 
..., 
(f.) 
• ,.., 0 ~ 
0 
0 
Fig. 9 - Compressive Strengths of Cores 
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T::.5I2 VII-A. Concrete liix Dfl_ta and Strength Test :lesults
 
Corrse li,;;'·:rer-<te - No. 6 Ohio River Gravel 
' 
! 
=t 
1 Design Tie sign i J._ctual ) \ ~ntrain.ed Comp
ressiVe Strenr:::th Eoduli of 3.1-lpture '·'1 ) 
i lktch C.F. v;c I ;:;c : Slump I ~cir 6xl2 Cyls. i 8xl6 Cyls.\·7-itay :BeeJllS I 28~0.ay ~:eans ' 
• 1 ~,-:- ,.., ..., 'r T C1 or'! ,...,,_ ! • - • 
I ~ ~, T 1 c:< 1 ' · T 
· · -. T 
Ser1es. J.:<O. 0o_C.b ... S C.Y. C-als. uK. Gc..ls. :.::ir""•i l..ilChes , 
er cent .1:'.0._,_., ' P.u.I. \ P.S • ..:..., ! _- P.u ....... !---=--~l 
' 1· 1 · ' 
1 1 . 
' ' 
I I ' 
6.0 ! 4.9 I 5.3 i 2-l/2 1 4.0 5005 ' 4235 i 630 l 690 i 1 
A-6 2 
I I ' ' I I . 
6.0 I 4.9 i 5.0 i 2 I 4.9 4560 I! 3990 I 630 i 635 I I ! . ' 
3 I 6.0 I 4.9 ,,. 5.0 I 1-3/4 I 4.7 4870 I 4160 I 690 I 660 
I I ' I I ' I 
!I i Ave.: 1 j / ·\' 4810 i 4195 i 650*
2 660 
' 
. 
' 
I I 
' 
' 
' 
! j :Sstimatec. for C~nter Lo,ding \ \ 
1 j 810 I 825 
' I I ' . I I I I I , : ! I 1 ! 4.0 7-35 i 7.5 i 1-3/4 I 2.9 3380 I 3035 I 500 585 
A-4 I 2 i 4.0 I 7.35 I 7.5 I 2-5/8 111 3.1 3270 l 2605 li 460 l 560 
A-3.5 
I I I I I I 
I 
I 3 ! 4.0 I 7.35 I 7·35 I 2~1/2 i s.o )090 I 2340 I 480 i 
I i I ij ! I 
! I I 
Ave.\ 1 ll j I 3245 ! 2660 480 j 
I :SstimnteiL for Center Loadine J ; I I 600 i 
. 
. .
 ---~ ~- .
 I 
I [ I 1 
. 
I 
' I ' I 
1 3-5 8.5 I 8.0 I 2-3/4 I 4.9 2290 i 2135 I 350 I 
, ! ! I ' 
I 
I 8.5 I 2 i 3.2 2705 I 254o I 410 I 
' I ' I I I 
3 i 3.5 I 8.5 I 8.25 I 1-3/4 II 4.1 2660 256S I 150 I 
i I I ,. I I 
i 
2 3.5 8.5 
ill 
575 
715 
510 
485 
sso 
515 I Ave.J J I j 2550 i £IJ.:J,5 j 370 
i :1;stimateci for Center Lo~ding I i i I. 460 I 645 
*1. ?nird Point Loading. *2. Tested at 9 day
s. 
I 
~ 
I 
I 
r· /"l 
,, '.1 
()1 
!" 
TABLE VII-3. Concrete 1-iix Data and Strength Test Results 
Coarse J.,g,e:re,gate- No. J6 Ohio· River Gravel 
Design l D~-;ign--1-- ActUalT ___ --·~ !Ent!-;ined l Gom-oressive Strength Eocluli of Ruutu_re 
B,tch o.=·· I 1-T/C i \·'/C i Slump i Air l 6:ld.2 Cyls.l 8x16 Cyls.. ?-day 3eams \28-dny 3eDHS 
S,r·e '•! S 1rs/n Y 1 G~'s /"k' 0~1 /s·-· · 's: ~ •' ""Q I ' PSI PSI ' "'S T ._, l s j.;Q,. D.C-:.. u • • , -C' • .L ....... , :::· s. l;_.t ll1Cne I pe.:.. cenv! .............. I • • • _ ... e .r: • .......... I v . . 
c ' 4 1 o,O I .9 
! 
4.9 2-l/2 3.2 4700 4130 560 685 
B-6 2 6.0 I 4.9 4.9 2 2.9 4775 i I 
I 
3860 580 535 
3-4 
i 
3 6.0 i I 4030 I -- I - I -
I . ' 
! I 4655 il 4005 \ 580 i 635 
I I I ' 
4.9 4.7 
Ave .. l 
2 3.8 4490-• !. 600 640 
7 stimated for Center 
I . I I 
Loa<linl': . l_ _ ------~~ -~-- --~~ ---~5 ___ , _____795 __ 
l 4.0 
. 
2 ' 4.0 ' 
3 ! 4.0 ' 
Ave.,! 
7-35 6.9 
7-35 6.8 
7.35 6.8 
2-1/2 
1-3/4 
2 
I 5.0 3130 2815 460 585 
' I l 3.6 364o 
! 
3·9 4065 
3610 
3395 
1415 
_3210 
480 
500 
480 
600 
615 
6LfO 
615 
770 
:Sstim,ted for Center Loading : 
-----------------"---------~.---------+,-----------+;--------~~-------------+------------~ 
1 ! ! 
l 3.5 8.0 7.8 1-7/8 , 2.8 3805 I 2315 500 600 
lB-3i5 2 Discarded - batching error 
I 
I 
I 
3 I 3.5 ! 8.0 i 7.8 I 2-3/8 i 3.4 I 2680 i 2190 
I 
Ave. I i 2990 ! 2350 . 
i ' i ! 
J :Sstima.ted for Center Loading ' ~ 
420 
4GG 
575 
515 
5)60 
700 
co C) 
TABLE VII~. Concrete Eix D?.tc. and Strength Test Results. 
Coarse Aggregate - No. 6 Crushed Limestone 
i --~--- - !Design ~--De sig;;--r Actual i fsntrpined l Comoressiv'e Stre
ngth· . ! · Ho.duli of Rupture 
j J3~_tch \ C.F. 11' '''/C I u;c I Slul!lp : Air 1 6xl2 Cyls.i 8xl6 Cyls. 17-day be8IDS !28-day 3epms 
· ! ,J I ..., 1_ I'"' v ; • · 
I ! ! .,..... I ~. I 
! Senes 1 ;>o. 1 se>_c,~s 1 v • .-1 Gals./Sk.; Gals./SK.I lnc:hes 1 per cent 1 P.S.I. 1 .c.S.
I. ! P.~.I. 1 P.S.I. 
! ! ' 1 • 
. 
l 
: ! l i 6.0 l _5.2_5 ! 5.2.5 ! 2-l/2 ! 3.0 I .5030 i 40_50 ,II 700 II 800 I I i I l I t I 
! C-6 I' 2 • 6.0 _5.2_5 I _5.10 I! 2-1/4 ',· 4.1 I _5020 I 4110 l 660 I 800 
' I . I I 
' 
I 3 I 6.0 I _5.2.5 I' _5.1_5 I 2-1/2 ! .s.o I 4_530 I :rill. I 790 I 77.5 
Ave.\' I 1 i I 4860 I 3825 \ 72.5 ) 730 
-
' ' I I ! 
I \ Lstimated for Center Loading 
90.5 
- \ 
4.0 l ' I 
I 
I 
c-4 4.0 2 
4.0 3 
I 
I 
Discprded 
8.0 
8.0 
7.8 2-l/8 
7.8 2 
' ! 
' I ! I I I . ~1- Ave.l I \ . \ I I I ' I ' l ' l \ i :::;stimc_ted for Center Loading I \ 
-- -
-, 
. I i I ----1 I 
i l I 3 • .5 l 9.0 I 9.0 I 2-1/2 I 
C-3 • .5 I 2 I 3·5 : 9.0 II 8.8 i 2 I I I 1 _ I I 3 I 3-.5 I 9.0 8.8 2-3/4 I 
I Ave.! I I 
I I I I . I :Estime.ted for Center Los.ding I I 
4.2 
4.0 
2.8 
3.1 
3-3 
i 
3.53.5 1 3190 I 430 I 
3150 1 .2.D2 1 490 
33.50 316.s I 46o l 
I I 57.5 I 
I ----r-·-------r--------, 
I 2725 i 237.5 I 450 I 
I 247.5 i 2320 I 340 I 
I 269S I ~ I .1§Q I 
I ' I I 2630 2400 I 390 
1 I 490 
990 
710 
67< 
690 
86_5 
51.5 
.57.5 
522. 
_560 
700 
C/J 
~ ... p 
Series 
! D-6 
I 
! 
I 
I 
D-4 
D-3.5 
-;::o 
TABLE VII-D. Concrete i-iix Data anti Strength Test Results. 
Coarse 1\ggregate - No. 36 Crushed Limestone 
Design 
C .. F. 
D . l eslgn I Actual i 
1</C I B0tch 
No. Sacks/C. Y. 
1;!/C I 
Gds./Sk. 1 Gals .jSk.J 
1 
2 
3 
Ave .. 
6.0 
6.0 
6.0 
5.17 
5.17 
5.17 
:Sstima ted for Gen ter,Lpading. 
1 
2 
3 
Ave. 
4.0 
4.0 
4 •. 0 
-r-
1 8.0 
i 
i 8.0 
I 
' I 8.0 
I 
3stimated for Center Loatl.ing 
I 4.9 I 
I 
4.9 
4.9 
7-3 
7-3 
7.2 
1 3-5 
3-5 
3.5 
9.14 1 8.0 
2 
3 
Ave. 
9.14 
9.14 
:Estimated for Center Loading 
8.1 
8.2 
Slump 
inches 
13ntrained II Comoressiye Strength I Eoduli of Rupture 
Air 6xl2 Cy1s. II 8x16 Cy1s. 1 7-fu>.y Beams (·28-day Beams per cent P.S.I. . F.S.I. l · P.S.I. I P.S.I. 
2-1/2 
2 
2 
2 
2-112 I 
2 I 
2-1/2 
2-1/2 
2-3/4 
4.5 
4.3 
4.3 
2.9 
3.0 
3.2 
3.6 
3.8 
4.6 
4105 
4295 
3880 
4095 
4030 
4015 
3645 
3900 
2465 
2440 
2015 
2305 
r 
I 3515 
I 
I 
3750 
3645 
3635 
3565 
3395 
3465 
3475 
2035 
?180 
1790 
2000 
650 
600 
700 
650 
810 
580 
550 
580 
570 
710 
430 
,90 
410 
410 
510 
625 
665 
645 
645 
805 
690 
685 
775 
715 
895 
590 
460 
475 
510 
635 
' 
' CD 
Series 
J 
I :E-6 
I 
I 
I 
! 
! 
i 
! 
: 
I 
i 
IE~ I 
! 
I 
I 
I 
I 
' 
I i :E-3.5 
: 
I 
I 
TABLE VII ~E. Concrete Hi:z Data and Strength Test Results 
Coprse ,\.ggreg2 te - No. 236 Crushed Limestone. 
Design Design Actual I I Entrained Com~ressive Streneth 
3~.tch C .. F. \'TfO t·!fC i Slumn ! Air 6x~ Cyls.J 8x16 Cyls. 
lTo. Sacks/C.Y. Ge.ls ,)Sk. Gals./Sk,L inch~es I _'[ler cent ~.S~I. I P.S.I. 
I 
i ! - I l 6.0 5.25 5.25 I l-3/4 1 2.8 - 4240 I I I 
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I ! I 
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TABLE VIII 
CRACK FREQUENCY FOR EASE ~viDENING 
Left Side ---1 Rir,ht Side f-----------"'C'-=-1\C,I o-:-'."-=T-"1 '-;;cN..-::-o -. Crac 1<: 6 · ; No • . No , 0 ra'-:'c~k~s-:;:c-c-i Sta. to St_!!,_, Stas. Total '1Per Sta+Stl3,_,_'t<LSt~.~ Stas. ·Total.Per Sta. 
0- 8 
s.:. 50 
50- 58 
59- 69 
69- 77 
77.:. 89 
89-109 
. I 109-lF! 
124.:.134 
lLi-2-148 
155-159 
159-165 
165-170 
170-177 
177-185 
185-190 
196-218 
218.:.230 
8 
8 
10 
8 
11 
20 
10 
6.5 
4 
6 
5 
7 
* 
5 
39 
77 
30 
11 
41 
25 
209 
7 
57 
41 
25 
12 
18 
11 
14 
j 1 I j 
4. 9 o- 9 r 9 I 17 1. 9 I 
I. I I 1.6 
3.8 
1.1 
10,5 
1.8 
5·7 
6.3 
8.2 
2,0 
3.6 
1.6 
2.8 
i
9- 26 
1 
17 I 2 ~ o .1 i 
26- 28 2 11 5.5 
28- 34 
34- 39 
39- 72 
72- 84 
84- 89 
89- 97 
6 
5 
' 28 
' 
112 
5.5 
7.5 
97-105 8 
105-114 8 
124-134 l1o 
I 
142-148 I 6. s ! 
155-162 7 
162-189 27 
I 
I 1: 
12 
12 
31 
2 
79 
7 
13 
13 
18 
12 
0,2 
3.2 
4. Lf 
1,0 
5.6 
0.3 
0.9 
1.3 
2.0 
2.6 
0,4 
21,5 31 1.4 196-227 31 9 0.3 
2.9 12 49 4.1 227-231 3.5 I 
12 
I--~~~~~~~J_~6~--~l~·~o __ L_ ________ I __ ~--~~~-703 194 278 
A total of approximately 650 contraction joints are included in the right side. 95 
i 
i 
*This section covered '-vith wedge course before survey ,,ras ma'de. 
Full r-ridth sections are not included in this table. 
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Fig. 16a - Layout of full width revision (Sta. 113 f 77 to 
Sta. 124 f 11) showing the location of cracksand joints. 
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Fig. 16b - Layout of Full Width Revision (Sta. 148 ~ 50 to Sta. 155 ~ 07) Showing the Location of Cracks and Joints. 
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Fig. 16c - Layout of Full 'ifidth Revision 
(9ta. 134 f 12 to Sta. 141 f 87) Showing 
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Fig. 16d - Layout 
to Sta. 196 f 56) of Full Width Revision (Sta. F9 f 96 Shc•WL"'lg the Locations of Crcwks and Joi~tse 
Photograph showing the convert;ence of a beam of light 
by refraction at the surface of a r;lass sphere, This 
is a practical illustration of an otherwise theoretical 
analysis of the optical properties ot' sign surfaces. 
